Purpose: This report investigated the validity of using percent grammatical responses (PGR) as a measure for assessing grammaticality. To establish construct validity, we computed the correlation of PGR with another measure of grammar skills and with an unrelated skill area. To establish concurrent validity for PGR, we computed the correlation of PGR with a previously validated measure of grammaticality, percent grammatical utterances (PGU), and examined the extent to which PGR and PGU agreed upon pass/fail decisions for children. Method: Participants included 79 3-year-olds from mostly middle socioeconomic status homes. Language samples were elicited by asking children to describe 15 pictures in response to 4 questions per picture. To calculate PGU, children's responses to all 4 questions were segmented into communication units, and each communication unit was evaluated for grammatical errors. To calculate PGR, the entire response to just the first question was evaluated for grammatical errors. Results: PGR scores significantly correlated with a standardized test of grammar (r = .70), but not with a measure of vocabulary (i.e., type-token ratio; r = .11). In addition, PGR scores were significantly correlated with PGU scores (r = .88). Agreement between PGR and PGU was 92% for pass decisions and 94% for fail decisions. Conclusions: The current study establishes the construct validity of PGR as a measure of grammar and supports the use of PGR as a measure to assess grammaticality.
G eneral outcome measures assess overall proficiency on a broad skill area using standardized procedures that yield a single quantitative score rather than assessing separate components within the skill area (Deno, 2003; Fuchs, 2004; Fuchs & Deno, 1991; McConnell, McEvoy, & Priest, 2002; Phaneuf & Silberglitt, 2003) . They are used both to identify low-scoring children so that intervention can be provided and to assess children over time to monitor growth in the skill area and change in response to intervention. Because general outcome measures are meant to be administered frequently, they must be brief and easy to administer. Fuchs (2004) identified three stages in the development of general outcome measures. Stage 1 investigates technical adequacy-reliability and validity-of the measure itself at a single point in time. Stage 2 compares performance on the measure over several time points to determine whether changes in performance reflect growth in the skill area. Stage 3 investigates the usefulness of the measure for evaluating change in response to an intervention.
The current study is a Stage 1 study of an assessment procedure for measuring grammaticality. Specifically, we addressed several criteria identified by Deno, Mirkin, and Chiang (1982) as important for general outcome measures: (a) that the proposed measure involves an important skill area, (b) that the proposed measure involves a standardized procedure, (c) that the proposed measure is valid for measuring the skill area, and (d) that the proposed measure can substitute for a lengthier, previously validated measure of the skill area.
The Importance of Grammaticality as a General Outcome
The oral language skill Standard 1 of the Common Core Educational Standards for language calls for students to demonstrate command of the conventions of standard English grammar and usage when speaking or writing (National Governors Association Center for Best Practices & Council of State School Officers, 2010) . This standard is particularly relevant for children with language impairments (LI), because grammatical errors are a key characteristic of a these children (Leonard, 1998) . Measures of grammaticality have been shown to distinguish between preschool children with and without LI (Dunn, Flax, Sliwinski, & Aram, 1996; Eisenberg & Guo, 2013; Souto, Leonard, & Deevy, 2014) . Problems with grammaticality persist into the school years. School-age children with LI made more grammatical errors than those with typical development in both spoken and written narrative and expository language samples (Fey, Catts, Proctor-Williams, Tomblin, & Zhang, 2004; Guo & Schneider, 2016; Scott & Windsor, 2000) .
Grammatical performance has been identified as an important contributor to later literacy achievement. Children with early LI are at high risk for reading problems (Boudreau & Hedberg, 1999; Justice, Invernizzi, & Meier, 2002) . In spite of the importance of early grammatical performance, general outcome measures for preschool oral language have focused on vocabulary and the achievement of word combinations (e.g., Missal, Carta, McConnell, Walker, & Greenwood, 2008; Phaneuf & Silberglitt, 2003) . There are no general outcome measures for grammar.
Procedures for Measuring Grammaticality
In children diagnosed with LI, the most frequently noted grammatical deficit is with usage of verb tense markers (Goffman & Leonard, 2000; Rice, Wexler, & Hershberger, 1995) . However, children with LI have also been reported to make argument omissions , pronoun errors (Loeb & Leonard, 1991; Moore, 2001) , and omissions and errors on other grammatical morphemes (Leonard, Eyer, Bedore, & Grela, 1997; Polite, Leonard, & Roberts, 2011; Watkins & Rice, 1991) . Eisenberg and colleagues (Eisenberg & Guo, 2013; Eisenberg, Guo, & Germezi, 2012) , therefore, developed a broad measure of grammaticality, percent grammatical utterances (PGU), that considers a range of grammatical error types.
An important characteristic of general outcome measures, as noted above, is that they use standardized procedures (Fuchs & Deno, 1991; McConnell et al., 2002) . Conversational samples are inherently variable in the topics that are talked about and in the adult utterances addressed to the child. A structured picture description task with standardized elicitation was, therefore, chosen instead of conversation during play as the context for calculating PGU (Eisenberg et al., 2012) . In this task, children were shown 15 pictures and were asked to respond to four elicitation questions about each picture. Samples were transcribed and segmented into communication units (C-units), utterance units that include no more than one independent clause (Loban, 1963) . Each C-unit was evaluated for grammatical errors. Overall, PGU was significantly correlated (r = .53) with the Structured Photographic Expressive Language Test-Preschool Second Edition (SPELT-P2; Dawson, Eyer, & Fonkalsrud, 2005) , a standardized test of morphology and syntax with high diagnostic accuracy (Eisenberg & Guo, 2011) . A PGU cutoff score of 58.32% yielded sensitivity at a 100% level and specificity at an 88% level for differentiating between children with LI and children with typical language development (Eisenberg & Guo, 2013) . Similar findings were also observed in school-age children (Guo & Schneider, 2016) .
These data support the use of PGU to measure grammaticality. However, administration of the entire picture description task ranged from approximately 1 to 3 min per picture (M = 1.8 min), for a total time of 14-40 min (M = 27 min, SD = 7 min). The task was thus overly long for use as a general outcome measure. To create a measure of grammaticality that would be feasible as a general outcome measure, we shortened the PGU procedure in two ways: (a) To shorten administration time, we used only a single response to each picture for scoring, and (b) to shorter analysis time, we rated the entire response rather than separately rating each C-unit within the response. We termed this assessment procedure as percent grammatical responses (PGR) to distinguish it from the longer PGU measure.
Establishing the Validity of PGR for Measuring Grammaticality
The current study investigated the validity of PGR for assessing grammatical usage. We first evaluated the construct validity of PGR. A construct validity of a measure can be established by examining the extent to which this measure correlates with other measures designed to assess the same skill areas (i.e., convergent validity) and the extent to which this measure does not correlate with other measures designed to assess different skill areas (i.e., divergent validity; Hinkin, 1998) . To this end, we computed the correlation of PGR with a measure of grammar, the SPELT-P2 (Dawson et al., 2005) , and with a measure of vocabulary, the type-token ratio (TTR; Miller & Iglesias, 2010; Templin, 1957) . We then investigated the concurrent validity of PGR by comparing the score from this briefer assessment procedure to the score computed for the longer previously validated version of the task (i.e., PGU). To this end, we first evaluated the extent to which the PGR score was correlated with the PGU score. In addition, because general outcome measures are used to identify the need for intervention based on low performance, we also examined agreement between PGR and PGU for making pass/fail decisions, which provided further evidence for the concurrent validity of PGR. If PGR was highly correlated with PGU and was consistent with PGU in making clinical decisions (i.e., pass/fail), then clinicians could use the shorter PGR procedure to assess grammaticality.
We asked the following questions:
1. Is PGR correlated with SPELT-P2, a measure of grammar, and with TTR, a measure of vocabulary?
2.
Would the PGR score (based on one response per picture) be significantly correlated with and yield the same pass/fail decisions as the PGU score (based on four responses per picture and segmented into C-units)?
Method

Participants
There were 79 participants (39 girls, 40 boys) ranging in age from 3;0 to 3;11 (years; months, M = 3;5, SD = 0;3). Participants were given a standardized language test, the SPELT-P2 (Dawson et al., 2005) , and parents were asked to rate their child's language. The mean standard score of SPELT-P2 across children was 103.84 (SD = 12.64, range 65-125). However, children were included regardless of their performance on the SPELT-P2 (i.e., whether or not they scored within typical range) so that the sample would include a wide range of PGR/PGU scores. All children were mainstream English-speaking. This was both based on parental report developed by the first author and confirmed by checking parent language for use of dialect features (see Washington, Craig, & Kushmaul, 1998) .
All children passed a hearing screening at 25 dB for the frequencies 500, 1000, 2000, and 4000 Hz and had cognitive ability within the typical range as measured by the odd-item-out task of the Reynolds Intellectual Screening Test (Reynolds & Kamphaus, 2003) . All children passed the Articulation Subtest of the Fluharty Preschool Speech and Language Screening Test-Second Edition (Fluharty, 2001) . As part of the protocol, a parent-elicited conversational language sample was collected from each child during free play. All children had at least 78% completely intelligible utterances in the conversational language sample. Socioeconomic status was based on maternal education, with 94% having a college degree or higher and 6% having a high school diploma. Racial/ethnic distribution based on self-identification by the parent was 60% Caucasian, 15% African American, 14% Hispanic, and 11% Asian. The information regarding socioeconomic status and racial/ethnic distribution was obtained from the parent report as well.
Participants were recruited through nursery school programs, pediatricians, and speech-language pathologists in suburban New Jersey as well as through online announcements. Approval for this research was granted by the Montclair State University Institutional Review Board.
Stimuli
The examiner-elicited language samples were collected by asking the child to talk about 15 pictures (i.e., the picture description task). Each of the pictures included at least two people and had at least one other character that was either a person, animal, or doll. Twelve of the 15 pictures were colored line drawings that had been found in out-of-print children's books. The other three pictures were photographs from magazine advertisements. In some of the pictures, the characters were involved in a problem situation. In other pictures, the characters were involved in thematically related actions that did not involve a problem (see Appendix A for a description of each of the 15 pictures).
Procedure
Each child was tested individually by an examiner for the picture description task. The examiners included the second author as well as student research assistants. The order of pictures in the picture description task was randomized by allowing the child to select the next picture to talk about. There were four elicitation questions, adapted from Leonard, Bolders, and Miller (1976) , for each picture. The questions were designed to create uniform opportunities for each child to produce declarative utterances under conditions that obligated full sentences with a subject and predicate (Washington et al., 1998) .
The first, second, and last elicitation questions were the same for all 15 pictures. The third elicitation question, involving a story starter, differed among the pictures. If the child did not respond to one of the elicitation questions or responded with "I don't know," or produced an off-topic utterance, a follow-up prompt was given. A list of the elicitation questions and prompts are provided in Appendix B. All responses were audio-recorded for transcription and coding.
Transcription
The samples from the picture description task were transcribed by trained research assistants according to Systematic Analysis of Language Transcripts conventions (Miller & Iglesias, 2010) . Responses were segmented into C-units, defined by Loban (1963) as including no more than one independent clause together with any dependent phrasal and clausal constituents. It should be noted that C-units can also be utterances without a main clause (i.e., without a subject and/or main verb) when such utterances are preceded and followed by a terminal silence (Hughes, McGillivray, & Schmidek, 1997) . Responses to a given elicitation question or follow-up prompt could contain one or more C-units.
Conjoined clauses introduced by a coordinating conjunction (e.g., and, so, but, and or) were divided into separate C-units only when the conjoined clause included a subject. Conjoined clauses without a subject or embedded clauses introduced with a subordinating conjunction (e.g., because, after, and if ) were not segmented into a separate C-unit.
Error Coding and Analysis
We computed PGU and PGR from the picture description task. In order to establish the divergent validity of PGR, we also computed TTR, a vocabulary measure, from the conversational language sample. Note that the conversational language samples were separate from the picture description task.
Computing PGU
Only complete, intelligible, and on-topic C-units (i.e., only language focused on the pictures in contrast to external comments to the examiner) were included in the analysis.
Because the elicitation procedure was designed to elicit declarative utterances and few children produced questions in response to the prompts, only the declarative sentences produced by each child were included in the analysis. Replies to examiner requests for repetition or clarification were excluded if the reply was an utterance with ellipsis of the clausal subject and/or verb or if the reply involved an expansion or correction of the child's immediately prior utterance.
All C-units with one or more errors in grammatical morphology and syntax were marked as ungrammatical. Errors included omissions of obligatory constituents, such as the subject or object, omissions and substitution errors involving grammatical morphemes and pronouns, and other syntactic errors. Production of fragments in response to questions and prompts that obligated a complete sentence with a subject and predicate was also marked as ungrammatical. PGU was calculated by subtracting the number of ungrammatical C-units from the total number of C-units and then dividing by the total number of C-units.
Computing PGR
PGR was calculated differently. For this calculation, only the response to the first elicitation question (i.e., What is happening in this picture?) was rated for grammaticality. In addition, only one rating of grammaticality was assigned for the entire response to the first elicitation question, regardless of the number of C-units. PGR was then calculated by adding up the number of responses that were completely grammatical and dividing this by the total number of scorable responses (15 for all of the children). A comparison between PGU and PGR scoring is provided in Appendix C.
Computing TTR
TTR has been considered a measure of lexical diversity, reflecting children's vocabulary skills (Miller & Iglesias, 2010; Templin, 1957) . We computed TTR based on the first 50 utterances in the conversational language samples for each child. TTR was calculated by dividing number of different words by total number of words in 50 utterances.
Reliability
To check the reliability of transcription of the picture description task, a consensus procedure (adapted from Shriberg, Kwiatkowski, & Hoffman, 1984) was used. Each sample was transcribed by one research assistant, who was instructed to listen to each utterance a maximum of three times. Utterances that could not be fully transcribed after listening three times were marked as unintelligible and excluded from the analysis. A second research assistant then listened to the recorded sample while reading the initial transcription to check the transcription. Transcription for the entire sample was then rechecked by the first author. Discrepancies were discussed, and agreement was obtained on all transcripts. Discrepancies that could not be resolved were excluded from the analysis. The same consensus procedure was followed for utterance segmentation, utterance inclusion, and coding. There were no disagreements for utterance segmentation or utterance inclusion. Any discrepancies in error coding that could not be resolved were considered to be acceptable and were not coded as errors. The reliability of transcription and utterance segmentation/ inclusion for conversational language samples was also checked using the consensus procedure (see Eisenberg & Guo, 2015) .
To further check the reliability of coding for PGR and PGU, 18% (14/79) of the transcripts were randomly selected and independently recoded by a trained research assistant for the occurrence of errors. Interrater agreement for these transcripts was 94% for PGR and 97% for PGU.
Statistical Analyses
To establish the construct validity (i.e., convergent and divergent validity) of PGR, we used Pearson productmoment correlations to evaluate the extent to which PGR correlated with the raw scores of the SPELT-P2, a related measure of grammar, and with TTR, an unrelated measure. To establish the concurrent validity of PGR, we first used Pearson product-moment correlation to determine the extent to which PGR correlated with PGU. We then evaluated the degree of agreement for the pass/fail decisions between the PGR and PGU scores using the receiver operating characteristic (ROC) curve (Sacket, Haynes, Tuqwell, & Guyatt, 1991) in the software SigmaPlot 12.0 (Systat Software, Inc., 2011) . In the analysis, PGU was set as the "reference standard" (Dollaghan & Horner, 2011) . Pass/fail decisions for children were first made using a previously established cutoff for PGU of 58.32% (Eisenberg & Guo, 2013 ). The ROC curve analysis then automatically computed the degree of agreement on the pass/fail decisions between PGR and PGU using a range of cutoff scores for PGR. Following Sackett (1991), we chose the cutoff score of PGR that maximized the degree of agreement on pass/ fail decisions between PGR and PGU.
Results
Preliminary Analysis
The mean scores for PGR and PGU are presented in Table 1 . One-way repeated-measures analysis of variance indicated that PGR was significantly lower than PGU, F(1, 78) = 28.74, p < .001, η p 2 = .269. That is, grammaticality based on the entire response to only the first elicitation question (PGR) was lower than grammaticality based on the total C-units produced in response to all four elicitation questions (PGU).
Construct Validity of PGR
After children's age was partialled out, the PGR score was significantly correlated with the raw score of SPELT-P2 (r = .70, p < .001), but not with TTR computed from the conversational language sample (r = .11, p = .39). This means that PGR was correlated with a measure of grammar, but now with a measure of vocabulary. Although it was not the primary purpose of this study, we further evaluated the correlations between the PGU score and those two measures. After children's age was partialled out, the PGU score was significantly correlated with the raw score of SPELT-P2 (r = .79, p < .001), but not with typetoken (r = .01, p = .95), a pattern similar to PGR.
Concurrent Validity of PGR
After children's age was partialled out, the PGR score was significantly correlated with the PGU score (r = .88, p < .001). Next, we evaluated the extent to which PGR and PGU agreed upon pass/fail decisions using the ROC curve analysis. To this end, we first adopted the previously established cutoff for PGU of 58.32% (Eisenberg & Guo, 2013) to classify children. Forty-eight children scored above this cutoff (i.e., pass), and 31 children scored below this cutoff (i.e., fail). The ROC curve analysis further showed that, when a PGR cutoff of 51.67% was used to make pass/ fail decisions, the agreement between PGR and PGU was 92% (44/48) on pass decisions and 94% (29/31) on fail decisions.
Discussion
Grammaticality is an important outcome included in the Common Core Educational Standards for language. There is currently no general outcome measure for this skill area. In this report, we proposed PGR as a possible general outcome measure. PGR meets several characteristics that are important for general outcome measures: It involves a brief standardized procedure that yields a quantitative score. In this study, we investigated the validity of PGR for measuring grammaticality.
We established the construct validity of PGR by showing that PGR was correlated with an independent measure of grammar (SPELT-P2), but not with a measure of vocabulary (TTR). This result indicates that PGR is a valid measure of children's grammatical skills. We also investigated concurrent validity of PGR by comparing PGR to a lengthier and more time-consuming assessment procedure that was previously shown to be valid for measuring grammaticality (PGU). PGR scores were highly correlated with PGU scores, although PGR scores were, in general, lower than PGU scores. In addition, there was substantial agreement between PGR and PGU in making pass/fail decisions when we used a cutoff of 51.67% for PGR and 58.23% for PGU. Plante and Vance (1994) argued that different assessments require different cutoffs rather than using a single cutoff across assessments. Given that PGR scores were lower than PGU, it made sense that a lower cutoff would be needed for PGR.
Why was PGR generally lower than PGU? Consider an example in which the child produces three C-units in response to the first question (e.g., Examiner: What's happening in this picture? Child: The boys are mad. They are not sharing. They fighting). In this example, two of the C-units are grammatical, whereas one is not (i.e., They fighting). The PGR score would be 0% (0/1) because any error would make the whole response ungrammatical regardless of the number of C-units in the response. The PGU score in this example, however, would be 67% (1/3), because PGU considers the accuracy of each scorable C-unit. Thus, the difference between PGR and PGU in this study may have resulted from the nature of the scoring procedure. Despite the difference, the high correlation between PGR and PGU suggests that children's relative ranking was quite consistent between PGR and PGU.
Clinical Implications
One purpose for general outcome measures is to determine the need for intervention without having to perform a lengthy assessment. This requires that the general outcome measure yields the same pass/fail decisions as the lengthier assessment. Grammaticality as measured by PGR had sufficient agreement with PGU to be useful for this purpose when a cutoff score of 51.67% was used for PGR. This cutoff resulted in a low rate (6%) of disagreement about failure (i.e., performance below the cutoff ) relative to the PGU reference standard while also minimizing the rate (8%) of disagreements about passing (i.e., performance Note. # C-units = total number of C-units for the full sample; MLCU-m = mean length of C-units in morphemes for the full sample; PGR = percent grammatical responses; PGU = percent grammatical utterances; SPELT-P2 = raw score for Structured Photographic Expressive Language Test-Preschool Second Edition; TTR50 = type-token ratio in 50 utterances from conversational language samples.
above the cutoff ). The standardized elicitation procedure, the short amount of time needed for collecting the sample, and the ability to rate grammaticality of responses without first segmenting them into C-units suggest that PGR could potentially be usable as a general outcome measure of grammaticality.
Limitations
The current study used responses from a larger data set-responses to the first of four elicitation questions about each of a set of 15 pictures. It needs to be verified whether the results would be the same if the elicitation procedure had involved just the one elicitation question (What is happening in the picture? ). We also do not know how long it would take to administer the task with just one elicitation question and a single response.
The current study focused on PGR performance at a single point in time. However, general outcome measures are used for repeated measures to track change over time and to determine whether change is occurring in response to intervention. Further studies are needed to determine whether PGR is sensitive to differences over time.
General outcome measures require a standardized procedure. However, the pictures that we used may not be available for all clinicians, and we do not know whether use of different pictures would affect PGR scores. In addition, such repeated measures require alternate forms. Further studies that examine the effect of pictures on PGR and the equivalence of PGR elicited with different picture sets are needed.
Moreover, the range of socioeconomic status for the participants (as determined by maternal education level) was not fully representative. This is important because socioeconomic status has been shown to influence performance on language assessments (Rowe, 2008) . The results may not, therefore, be generalizable to children whose mothers have lower educational levels.
Concluding Thoughts
Previous studies have established that PGU is a valid measure for grammaticality. The current study established the construct and concurrent validity for an alternative briefer measure of grammaticality (PGR). PGR is highly correlated with PGU and yields pass/fail decisions that were consistent with the longer, more time-consuming PGU. This suggests that PGR might be useful as a general outcome measure, because it involves a standardized procedure for assessing grammaticality that takes a shorter amount of time for eliciting and analyzing responses. However, general outcome measures are used not only for determining the need for intervention at a single point in time but also for tracking change over time. Further investigation is needed in order to determine whether PGR is sufficiently stable and sensitive to change over time to be used for this latter purpose as well. To allow for repeated administrations, alternative forms of the task, using different pictures, will also need to be developed, and the reliability of these alternative forms will need to be determined.
